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ABSTRACT 
 
 In this work, graphene oxide (GO) and reduced GO (rGO) thin films were 
fabricated from GO and rGO using the custom-made and commercial surfactants, which 
were sodium 1,4-bis (neopentyloxy)-3-(neopentyloxycarbonyl)-1,4-dioxobutane-2-
sulphonate and sodium dodecyl sulphate, respectively. The GO solution was 
synthesized using electrochemical exfoliation method followed by reduction process 
utilizing hydrazine hydrate to produce rGO solution. The GO and rGO transfer process 
were done using spraying deposition method on fluorine-doped tin oxide substrate. The 
fabricated GO and rGO thin films consists of several layers resulted in high 
transparency over 85% with maximum transmittance of 93.69%. Based on several 
characterizations, the fabricated GO and rGO thin films have potential to be applied as 
transparent conductive electrode.  
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ABSTRAK 
 
Dalam penelitian ini, film tipis grafin oksida (GO) dan grafin oksida yang 
direduksi (rGO) difabrikasi dari GO dan rGO menggunakan surfaktan yang dibuat 
khusus dan surfaktan komersial yaitu secara berurutan adalah sodium 1,4-bis 
(neopentyloxy)-3-(neopentyloxycarbonyl)-1,4-dioxobutane-2-sulphonate dan sodium 
dodecyl sulphate. Larutan GO disintesis menggunakan metode eksfoliasi elektrokimia 
diikuti dengan proses reduksi menggunakan hidrazin hidrat untuk menghasilkan larutan 
rGO. Proses transfer GO dan RGO dilakukan dengan menggunakan metode deposisi 
penyemprotan diatas substrat oksida timah oksida dengan doping florin. Film tipis GO 
dan rGO yang difabrikasi terdiri dari beberapa lapis dengan transparansi tinggi 
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mencapai 85% dengan transmitansi maksimum sebesar 93,69%. Berdasarkan beberapa 
karakterisasi, film tipis GO dan rGO ini memiliki potensi untuk diaplikasikan sebagai 
elektroda konduktif transparan. 
 
Kata Kunci: dibuat khusus, surfaktan, elektrokimia, penyemprotan, elektroda 
 
INTRODUCTION 
 
Graphene becomes a popular material to 
be investigated in recent years due to its 
excellent electrical, optical, mechanical, 
and physical properties since its 
discovery in 2004 [Gee, et.al., 2013; 
Choi, et.al., 2010; Park and Ruoff, 
2009; Zhu, et.al., 2010]. Graphene is 
the basic form of another graphitic 
structure, such as fullerenes, carbon 
nanotubes, and graphite [Geim and 
Novoselov, 2007]. The first method to 
produce graphene is via mechanical 
exfoliation using scotch tape. This 
simple method produce defect free and 
high purity graphene. Unfortunately, 
this method is limited if applied for 
mass production [Zhu, et.al., 2010; 
Zheng, et.al., 2011; Pati, et.al., 2011]. 
Several methods are developed in order 
to produce high quality graphene, such 
as epitaxial growth on SiC, Brodie or 
Hummers method, and chemical vapor 
deposition. However, those methods 
involve chemical materials which are 
highly toxic and unsafe, high synthesis 
temperature as well as complex 
synthesis step thus make it time 
consuming [Celebi, et.al., 2012; 
Mikhailov, 2011; Gilje, et.al., 2007].  
The fabrication of graphene thin 
film also becomes a challenge which 
need to be further developed. Transfer 
process onto desired substrate need to 
be considered in order to avoid the 
degradation of graphene quality. 
Several transfer process such as 
chemical etching, roll-to-roll, spin and 
dip coating are usually used and have 
their own advantages and disadvantages 
[Chen, et.al., 2013; Bae, et.al., 2010; 
Kymakis, et.al., 2011; Wobkenberg, 
et.al., 2011]. In this work, we 
synthesize GO in the solution form 
using electrochemical exfoliation 
method which are simple and have great 
potential to be applied in large scale 
production [Alanyalıoğlu, et.al., 2012; 
Wang, et.al., 2014; Ambrosi, et.al., 
2014]. Different ionic custom-made and 
commercially available surfactants were 
used to assist exfoliation process and 
study their effect in the production of 
GO. Reduction process was further 
done to produce reduced graphene 
oxide (rGO) by utilizing hydrazine 
hydrate as reducing agent. Finally, GO 
and rGO solution were transferred using 
a simple spraying deposition method on 
fluorine-doped tin oxide (FTO) 
substrate [Ham, et.al., 2010; Beidaghi, 
et.al., 2012]. The samples were then 
analyzed by using field emission 
scanning electron microscopy 
(FESEM), micro-Raman spectroscopy, 
UV-Vis spectroscopy, I-V measurement 
using four point probes to investigate 
the morphology, crystallinity, and 
electrical performance of the fabricated 
films. 
 
MATERIALS AND METHOD 
 
The first step in GO and rGO thin films 
fabrication was preparing GO in the 
solution form which was synthesized by 
electrochemical exfoliation in an 
electrolyte solution assisted by different 
surfactants [Suriani, et.al., 2016]. In this 
work, we used sodium 1,4-bis 
(neopentyloxy)-3-
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(neopentyloxycarbonyl) -1,4-
dioxobutane-2-sulphonate, known as 
TC14 and sodium dodecyl sulphate 
(SDS) which were custom-made and 
commercially available surfactants, 
respectively. The electrolyte solution 
was prepared by dissolving them into 
DI water to obtain 0.1 M concentration. 
Two graphite rods were used as 
electrodes and connected to 7 V for 24 
hours to perform electrochemical 
exfoliation.  
The second step was on the rGO 
production which was done by chemical 
reduction utilizing hydrazine hydrate 
[Tong, et.al., 2014; Low, et.al., 2013]. 
Hydrazine hydrate of 0.5 ml was 
dropped to 50 ml of GO solution then 
maintained at ~95  temperature under 
constant stirring. The reduction process 
was performed for 24 hours. The last 
step was transferring the produced GO 
and rGO solution onto FTO substrate 
using spraying deposition method. FTO 
with 2 1 cm2 size which was cleaned 
by acetone, methanol, and DI water for 
5 minutes for every sonication step were 
preheated on hot plate at 120  for 
another 5 minutes. GO and rGO 
solution were then sprayed at 10 cm 
distance between airbrush nozzle and 
FTO substrate followed by annealing at 
400  in argon ambient. Morphological, 
optical, and electrical properties of 
fabricated GO and rGO thin films were 
determined by field emission scanning 
electron microscopy (FESEM), micro-
Raman spectroscopy, UV-Vis 
spectroscopy, and I-V measurement 
using four-point probes. 
 
RESULTS AND DISCUSSIONS 
 
FESEM images shown in Fig. 1 
presents the morphology of the 
fabricated GO and rGO thin films. 
Based on Fig. 1 (a), the morphology of 
the produced rGO thin film from SDS 
(SDS-rGO) shows a thick layer at the 
edge side. Some GO agglomeration 
were also observed in some part of the 
film shows that the solution was less 
stabilized by SDS surfactant. In 
addition, SDS surfactant also seen to be 
less effective to exfoliate graphite 
indicated by the thick layer produced in 
the sample. This finding was similar to 
GO thin film from triple-tail surfactant 
TC14 (TC14-GO) which also 
demonstrated thicker layer at the edge 
side. This is believed due to the 
existence of oxygen functional groups 
on GO compared to rGO solution. 
After the reduction process, rGO 
thin film from TC14 (TC14-rGO) 
shows thinner layer compared to SDS-
rGO and TC14-GO samples as shown in 
Fig. 1 (c). This results show that TC14 
surfactant was more efficient in 
exfoliation process of GO production. 
This also confirmed by the less GO 
agglomeration on TC14-rGO sample. 
Better exfoliation process done by 
TC14 was believed due to the triple-
tails branch of TC14 structure as 
compared to SDS which only has 
single-tail. The successful oxidation 
process on electrochemical exfoliation 
was also confirmed by fold-up layer in 
all samples [Suriani, et.al., 2016]. 
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Fig. 1. FESEM images of fabricated; (a) SDS- rGO, (b) TC14-GO, and (c) TC14-rGO 
thin films. 
 
The crystallinity of fabricated 
GO and rGO thin films were then 
investigated using micro-Raman 
spectroscopy. Fig. 2 presents the micro-
Raman spectra of fabricated GO and 
rGO thin films which show the D-, G-, 
and 2D-band peaks. Those three peaks 
are in similar range for the whole 
samples in the range of 1355-1378, 
1584-1589, and 2715-2723 cm-1 
respectively. The graphene layers 
number can also be determined by the 
G-band peak position. The G-band peak 
for every samples were seen to be 
shifted from graphite’s peak (1581.72 
cm-1) at which 1585, 1584, and 1589 
cm-1 for SDS-rGO, TC14-GO, and 
TC14-rGO samples, respectively. The 
shifted peak of TC14-GO and TC14-
rGO were caused by oxidation during 
exfoliation and reduction process. The 
most shifted peak of TC14-rGO sample 
indicated that the film has the lowest 
layers number compared to other 
samples confirming the result from 
FESEM images in Fig. 1 (c). An 
additional peak, called G+-band around 
1615-1624 cm-1 were also observed in 
the whole samples, which is believed 
due to the edge defects. However, this 
additional peak was slightly 
disappearing in SDS-rGO and TC14-
rGO samples, which show a higher 
crystallinities. 
The crystallinity of the samples 
were also determined by ID/IG ratio. 
Based on calculation, the ID/IG ratio of 
SDS- rGO, TC14-GO, and TC14-rGO 
samples were 0.55, 0.48, and 0.65, 
respectively. The ID/IG ratio for TC14-
GO was found to be lower than TC14-
rGO sample which was believed due to 
the effect of reduction process. The 
utilization of hydrazine hydrate as 
reducing agent was believed to increase 
the defect on the sample. In addition, 
b 
c 
a 
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the higher ID/IG ratio of TC14-rGO 
compared to SDS-rGO sample shows 
the effectiveness of TC14 surfactant in 
dispersing GO sample as compared to 
SDS based sample. The result is 
consistent with the FESEM analysis 
where the rGO sample from TC14 
produces thinner sample with better 
morphology [Low, et.al., 2012; Yang, 
et.al., 2009].  
 
 
 
Fig. 2. Micro-Raman spectra of fabricated GO and rGO thin films by TC14 and SDS 
surfactants. 
 
The transmittance of GO and 
rGO thin films were determined at 550 
nm wavelength [Gee, et.al., 2013]. The 
highest transmittance was achieved by 
TC14-GO which exhibit 93.69% 
transparency as shown in Fig. 3 
followed by TC14-rGO and SDS-rGO 
which exhibit 90.25% and 86.12%, 
respectively. This results confirmed that 
the fabricated GO and rGO thin films 
are highly transparent and suitable to be 
applied as transparent conductive 
electrode. 
 
The I-V measurement using 
four-point probes reveals the electrical 
resistivity of GO and rGO thin films. 
Based on the measurement, TC14-rGO 
sample has the lowest resistivity of 3.01 
cm. This value was found to be lower 
than TC14-GO sample which exhibit 
3.82 cm. The oxygen functional 
groups removal during reduction 
process might be the reason for this 
decrement and electrical conductivity 
improvement in rGO sample. The 
electrical resistivity of SDS-rGO was 
found to be higher (3.39 cm) 
compared to TC14-GO sample. 
Unfortunately, the result was lower than 
TC14-rGO sample, confirms that TC14 
plays a key role to stabilize the GO and 
rGO solution [Hu, et.al., 2016]. 
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Fig. 3. The transmittance of fabricated GO and rGO thin films by TC14 and SDS 
surfactants.  
 
Fig. 4. The electrical resistivity based on I-V measurement of fabricated GO and rGO 
thin films by TC14 and SDS surfactants.  
 
CONCLUSION 
 
In this work, we have successfully 
fabricated the GO and rGO thin films 
by using different surfactants; custom-
made TC14 and commercially available 
SDS surfactants. Based on several 
characterizations, TC14-rGO sample 
shows better quality and properties 
(optical and electrical) compared to the 
SDS-rGO and TC14-GO samples. The 
high transmittance of 90.25%, high 
ID/IG ratio of 0.65, and lowest electrical 
resistivity of 3.01 cm makes TC14-
rGO sample potential to be applied as 
transparent conductive electrode. 
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